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V. 



PHOTODIODE 



BA C KgROUND O F THE IN V ENTION 



1. 



Field of the Invention 




particularly to§""-st.:Qacture for improving the short wavelength 



e present invention relates to a photodiode, and 



2 . Description of the Related Art V;^ 



Conventionally, a photodiode is used as an optical detection 



element/ for example, as a signal detection element of an optical 



pickup. In recent years, because of an increase in capacity of an 
optical disk, there has been proposed optical disk readout by a 
short wavelength semiconductor laser with blue light or violet light • 
Thus, the short wavelength region photo sensitivity of the 



In Fig. 2, the photodiode is constituted by a first conductive 
type semiconductor region 1, for example, an N-type silicon 
semiconductor substrate, and a second conductive type semiconductor 
layer 2 formed on the surface of the first conductive type 
semiconductor region 1, for example, a P-type diffusion layer. An 
antiref lection film 5, for example, an oxide film is formed on the 
photodiode. A reverse bias is applied to the first conductive type 
semiconductor region 1 and the second conductive type semiconductor 



photodiode becomes very important. 



Fig. 2 is a sectional view of a conventional photodiode. 
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layer 2, and when light is irradiated to a depletion layer 3 formed 
by the reverse bias application, an optical signal is generated 
in the depletion layer 3 . 

The depth of the second conductive type semiconductor layer 
2 of the photodiode in Fig. 2 is optimized in accordance with a 
wavelength to be detected, and for example, in the case where red 
light of a wavelength of about 800 nm is detected, the depth of 
the second conductive type semiconductor layer 2 is made about 3 

|Lim. In the case where blue or violet light of a wavelength of about 
400 nm is detected, light of a wavelength of about 400 nm is easily 
absorbed by silicon and is almost absorbed in a depth of about 1 
|Lim. Thus, in order to detect short wavelength light of a wavelength 
of about 4 00 nm in a conventional photodiode, it is necessary that 
the depth of the second conductive type semiconductor layer 2 is 

made 1 \xm or less. However, in the conventional photodiode, since 
it is difficult to control the depth of the second conductive type 

semiconductor layer 2 so that the depth becomes 1 |Lim or less, there 
has been a problem that light sensitivity in a short wavelength 
region is inferior. 

If a plurality of second conductive type semiconductor layers 

2 are formed as in a photodiode shown in Fig. 3, a depletion layer 

3 is formed on the surface of a first conductive type semiconductor 
region between the second conductive type semiconductor layers 2a 
and 2b, so that the photo sensitivity in a short wavelength region 



is improved. However, an interface level 4 is formed on the surface 
of the first conductive type semiconductor region between the second 
conductive type semiconductor layers 2a and 2b, and an optical 
signal generated in the depletion layer 3 between the second 
conductive type semiconductor layers 2a and 2b is trapped by the 
interface level 4 , so that there has been a problem that the photo 
sensitivity is lowered and leak current is increased. 



SUMMARY OF THE INVENTION 
^ji(i> ^^e present invention has been made in view of the above 

/ ::ircumstanb^, and has an object to provide a photodiode which can 
5 improve the photos, sensitivity in a shorter wavelength region as 

£9 compared with a conveiv^ional photodiode without increasing leak 

H current . 

^dtt) (^3^^ "to solve the above-mentioned problem, according to 

ythe presentN^vention, a photodiode includes a first conductive 
type semiconductdx region, and a plurality of second conductive 
type semiconductor layers formed on the surface of the first 
conductive type semicondub<tor region, the first conductive type 
semiconductor region and the plurality of second conductive type 
semiconductor layers constituting ahsoptical detection portion for 
detecting an optical signal and output^bing its photoelectric 
conversion signal, wherein the surface of the\first conductive type 
semiconductor region between the second conductJ.ve type 
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X^Jnaiconductor layers is removed. Like this, since the surface of 
' theNfirst conductive type semiconductor region between the second 
conduct^e type semiconductor layers is removed, the interface 
level of th^\surface of the first conductive type semiconductor 
region between tl^e second conductive type semiconductor layers is 
removed . 

N^sides, the surface of the first conductive type 
^ semiconducb^r region is removed by a wet etching method, so that 
^f' the region can iste removed without generating an interface level 

fg due to etching damac 

In the photodiode of the present invention, the plurality of 
£ second conductive type semiconductor layers are formed on the 

CO surface of the first conductive type semiconductor region. 

j^::^^^^ \^hen a reverse bias is applied to the photodiode constituted 
/ by the f ir^^ conductive type semiconductor region and the second 
conductive type^^^miconductor layers, a depletion layer is extended 
in accordance with ishe bias voltage. Since the depletion layer -is 
extended not only in tne vertical direction but also in the 
horizontal direction, the depletion layer is also formed on the 
surface of the first conductive\ype semiconductor region, and the 
photo sensitivity in a short wavelen^h region is improved. At this 
time, since the respective second cona\;\ctive type semiconductor 
layers are made to have the same potential . \hus , when the distance 
between the second conductive type semiconductor layers is made 
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5va-V) '^^^^^'^hi^ut twice the width of the depletion layer, since the depletion 
layerls. of adjacent photodiodes formed of the first conductive type 
semicondiab^^r region and the second conductive type semiconductor 
layers just coitv^ in contact with each other, the efficiency is 
excellent , 

Further, in the first conductive type semiconductor region 
between the second conductive type semiconductor layers, the 
interface level is formed on the surface of the first conductive 

fi "type semiconductor region, and by removing the interface level, 

the leak current can be controlled without greatly influencing the 

y3 photo sensitivity of the photodiode. 

S\ju(>> ftU Bfee^ides, when the interface level of the surface of the first 

/conductive typfev^emiconductor region is removed by using the wet 
etching method, the'i^vterf ace level can be removed without 
generating an interface l^v^l due to etching damage, 

BRIEF DE S C R IPTION Q F THE DRAWI NGS 
In the accompanying drawings: 

Fig. 1 is a schematic sectional view showing a photodiode of 
the present invention; 

Fig. 2 is a second schematic sectional view showing a 
conventional photodiode; and 

Fig. 3 is a first schematic sectional view showing a 
conventional photodiode . 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 




In Fig. 1 , a plurality of second conductive type semiconductor 
layers 2a and 2b, for example, P-type impurity diffusion layers 
are formed on the surface of a first conductive type semiconductor 
region 1, for example, an N-type silicon semiconductor substrate. 
The first conductive type semiconductor region 1 and the second 
conductive type semiconductor layers 2a and 2b are reversely biased 
so that a depletion layer 3 is formed. The plurality of second 
conductive type semiconductor layers 2a and 2b are electrically 
connected to each other, and the second conductive type 



semiconductor layers 2a and 2b have the same potential. 

The interface level of the surface of the first conductive 
type semiconductor region 1 between the second conductive type 
semiconductor layers 2a and 2b is removed by a wet etching method, 
for example, wet etching using a silicon etching solution of KOH, 
EPW (ethylene diamine pyrocatechol & water), TMAH 
( tetramethylammonium hydrooxide) , HF + HNO3, or the like. It is 
needless to say that the removal of the interface level of the 
surface of the first conductive type region 1 has only to be carried 
out at least at a portion between the second conductive type 
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semiconductor layers 2a and 2b 



is needless to say that the respective conductive types 
Inay be rever^^. For example, a plurality of first conductive type 
semiconductor layfez^s are formed on a second conductive type 
semiconductor region, ahd the interface level of the surface of 
the second conductive type semiconductor region between the first 
conductive type semiconductor layer^N^s removed by a wet etching 
method . 

(:^<^ Fil?trfeex:^_it is needless to say that a portion between the 

/^cond conductive type semlBoTrdTa^^taE^^layers is not limited to only 
one portion, but plural portions may be formea>-^ 

AS described above, the photodiode of the present invention 
has effects as set forth below. 

The plurality of second conductive type semiconductor layers 
are formed on the surface of the first conductive type semiconductor 
region, and a reverse bias is applied to the first conductive type 
semiconductor region and the second conductive type semiconductor 
layers, so that the depletion layer is formed on the surface of 
the first conductive type semiconductor region between the second 
conductive type semiconductor layers, and the photo sensitivity 
in a short wavelength region is improved. 

Further, when the distance between the second conductive type 
semiconductor layers is made 0.5 to 2 times the width of the 
depletion layer in the horizontal direction formed by the reverse 
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bias, since the depletion layers of adjacent photodiodes formed 
of the first conductive type semiconductor region and the second 
conductive type semiconductor layers come in contact with each other, 
it becomes possible to detect an optical signal with excellent area 
efficiency. 

ides, since the interface level of the surface of the first 
conductive type seraocCmd^ctor region between the second conductive 
type semiconductor layers is remdxred^ the leak current can be 
suppressed without greatly influencing the phot6^"'g^ns^=ti3rity , 
\. -Resides, since the interface level of the surface of the first 
Conduct iv^stype semiconductor region between the second conductive 
type semiconductor layers is removed by using the wet etching method, 
the interface level c^a^ be removed without generating an interface 
level due to etching dama< 
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